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.A discussion of some of the Anemographtc Observations recorded at Madras ; by 
R. LI. Jones, M. A., Meteorologist, Madras, 

i. The following paper contains an. analysis of some 
Introduction. of the wind records taken by a Beckley Anemograph at 

the Madras observatory, a discussion of some of the most 
-prominent features of the air movements revealed by them, and of the relation of these 
to the general meteorological conditions over southern India. Two volumes dealing 
with the meteorological observations that have been regularly made at the observatory 
.since i860 have been already published. The first is entitled “Results of the Meteo. 
rological Observations madeat the Government Observatory, Madras, during the years 
1861-1890 11 and the second “ Madras Observatory Daily Meteorological Means." In 
the introduction to the second volume, issued in 1896, a fuller discussion of the observa- 
tions is stated to be desirable. The following paper is a contribution towards this 
■ object and towards the discussion and correlation of the more important air movements 
• over India as a whole, which is now being carried out by Sir John Eliot. 

a, The observatory where the records here discussed 
Geographical features. were taken is in Lat. 13” 4'N., Long 80' i5'E. and is at 

a distance of three miles from the sea. The surrounding 
country is very flat in all directions and the nearest hills of any considerable elevation 
are the Naggery Hills situated at about 50 miles to the north-west. To the westward 
of the Madras coast the country rises gradually forming the plains of the Carnatic. At 
some distance to the north of Madras the Eastern GhJts trend off to the westward. 
These form the edge of the Mysore plateau and at their junction with the Western 
Ghlts the plateau of the Nilgiri Hills. The Coromandel ■ coast runs nearly due north 
from Point Calimere to near Masulipatam, a distance of about 350 miles, and Madras 
is situated near the middle of this coast line. Its position and the geographical character 
of the surrounding country are thus in marked contrast to those of stations on the west- 
coast. On that coast there is but a very narrow strip of low lying country between 
the range of the Western Ghats and the sea. On the east coast on the other hand, 
the plain forming the province of the Carnatic, as far north as Madras occupies from 
,one-half to one-third of the width of the Peninsula j on the west coast the rise of the 
hills is abrupt to their maximum of six to seven thousand feet while from the east coast 
it is very gradual. 

3. The instrument with which the records have been 
The anemometer. made at ’Madras is a Beckley anemograph, which has 

been in use without any serious interruption since 1864 
-It is erected on a wooden framework on the tower of the observatory house and the 
•following information concerning it, is taken from the introduction to the volume con- 
taining the results of the Meteorological Observations during 1861-1890 published in 
189s. " The cups of the anemograph are about 8J inches in diameter and the distance 
from centre to centre of opposite cups is 4 feet. The height of the cups above the 
.ground is 44 feet and the height above the parapet of the building is 18 feet. I can find 
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no record of any tests that were made as to the accuracy of the scale of this instrument 
but as it was made under the direction of the late Professor Ballour Stewart it is 
probable that due care was taken regarding this important point. The readings for 
wind velocity have been accepted without any correction and the instrument has been 
taken as the standard for smaller instruments throughout the Presidency. The accuracy 
as regards wind direction has been tested from time to time. The record of direction is not 
thoroughly satisfactory when the velocity falls below two miles an hour”. In its present 
state the instrument seems to be working satisfactorily. Having been in continued use 
for so many years the gearing is a good deal worn and it would be justifiable to suspect 
some change in the scale. Comparisons made with a Dines' Pressure Gauge Ane- 
mometer have however shown that no serious change has taken place if we assume that 
the scale was correct when the instrument was first set up. As far as the instrument 
Jtself is concerned then, its records during recent years appear to be directly comparable 
without sensible reductions with its earlier records. 

4. On the other hand considerations advanced in 
The exposure Was changed. section 7 prove clearly that changes have taken place in 

the surroundings which have materially affected the total 
antount of movement recorded by the anemometer. The direction of the movement 
at the vane has not been interfered with ; this is proved by a comparison of the results 
given in the two volumes referred to in section 1 and those obtained here, it is possible 
to allow for the effect of these changes with considerable certainty and thus to render 
the whole series of records taken by means of the instrument homogeneous and directly 
comparable with one another. The results so obtained may be regarded as truly 
indicating an important part of the wind system of southern India, directly related to 
the general temperature and pressure conditions and practically free from local influences 
such as would be impressed on the movement by some dominating feature in the 
configuration of the neighbouring surrounding country, as for example the Western. 
Gbits on the west coast or the hills to the east of Chittagong. 

5. The air movement and direction are continuously 
Method ot rtcordins, &c. recorded on a plain sheet'd "metallic " paper laid round 

a cylinder. This cylinder is controlled by a clock 'and 
■makes one revolution in 24 hours. The sheet is changed at 8 A. m. every day. it has- 
been the custom to mark each sheet at some specified hour during the 04 hours it is 
receiving the record, and this is generally done at 8 P, M. Any serious irregularity in 
the driving is thus detected and may be allowed for in dividing up the trace into 
hourly intervals. The air movement for each hour is read off to the nearest mile and it 
is entered with the direction for that hour on a prepared form. One of these forms is 
sufficient for the hourly records for haif a mouth together with the corresponding 
hourly rainfall and some other classified data of wind and rainfall. These numerical 
data were utilised directly, and it was not necessary except in cases of doubt to refer to 
the tracings on the anemograph sheets, The records available extend over a period 
of 40 years. r 

6. It was not found practicable to utilise the whole 

Das ustd in £ scaaicn. of this material in the present discussion. In deciding 

what portion should he selected it was borne in mind, (1) 
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that the instrument should have been at work for a sufficient time before the period 
selected so as to have settled down to the steady state, (2) that the period should be 
continuous and long enough to deduce satisfactory means from which normal values 
could be caculated. Accordingly I selected the records during the years 1865-75 inclu- 
sive. The instrument had been at work for a sufficient time before the beginning of this 
period, it was thought, to have settled down to a steady state, and the period appeared 
long enough to satisfy the Second consideration. 

7. The following table gives the mean daily air 
Evidence of change. movement in miles at Madras for each year from 1865 to 

1904 inclusive 

TABLE I. 


Tear. 

186$ 

1866 

1867 

1868 

1869 

1S70 


n 

gj 

m 

B 

Means, 

Daily air movement. 

*77 

*f3 

184 

x8a 

194 

*74 

178 

177 



17* 

180 


Year. 

1876 

1877 

1878 

■87s 

1880 

x8Sj 

2883 

1883 

1884 

18S5 

1886 

Means. 

Daily air movement 

179 

188 

1 61 

*75 

*57 

170 

*75 

.78 

176 

*65 

>43 

170 


Year. 

a 

1888 

2889 

1890 

I8qi ! 

■ 

:89a 

1893 

iSjt 

IS 9 S 

□ 

B 

Mean. 

BB 

166 

160 

148 

>44 

179 

*57 ! 

*54 

*58 

*5* 

*54 

>S» 

156 


Year. 

1898 

1899 

(900 

□ 

g 

m 

B 

n 

B 

B 

Mean. 

Daily air movement 

*5* 

*5* 

161 

*59 

■si 

■ 

*43 

166 

1 

1 


*56 


The data given in the above table show clearly that there has been a progressive 
diminution in the recorded air movement, the mean daily movement for the first series 
of eleven years, being t8o miles, for the second series] 170 miles, and for the third 
series, 156 miles. The Tesults obtained from these by taking three year means are 
plotted in Plate I fig 1. and from this it is clear that the decrease was almost continuous 
up to '1887 and has since practically ceased. It has already been stated that recent 
comparisons with a Dines' Pressure Gauge Anemometer have shown that the scale of 
the instrument is correct, The position of the anemometer at Madras has never been 
changed nor have any structural alterations been made in the building on which it is 
placed, that could possibly affect the exposure. Moreover alterations of this kind 
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would show their effects by a sudden and constant change and not by a persistent 
progressive one of the kind shown here between 1865 and t88j. Hence some slow 
change must have taken place in the surroundings which continuously and increasingly 
affected the flow of air passing the anemometer. Owing to this the data require reduction 
before the velocities in different years from 1865 to 1887 can be compared. If we 
assume that the change has taken place uniformly (and Plate I fig. 1 shows that to be 
very nearly the case) all the velocities for the year 1865, for instance, require to be 
reduced in value by about si per cent, and all the velocities for 1S75 to be increased by 
about 2$ per cent, to make them strictly comparable with one another ; for intermediate 
years the corrections to be applied will be proportionately less. The wind velocities ate 
however only read to the nearest mile on the sheets (see section 5) and corrections of 
this magnitude are insignificant except when the velocity exceeds 20 miles an hour. 
Such corrections would not of course affect the mean values which have been obtained 
and arcused in the following discussion : these have been deduced from Lhe data without 
applying any correction, and it is to be noticed that the mean values deduced show no 
hourly movement appreciably greater than 14 miles, a value considerably less than that 
for which the correction becomes appreciable. 

8. As to the cause of this steady diminution in velo- 

Cause of the change. city, it seems most probable'that the greater part, if not 

the whole of it, is to be ascribed to the change produced 
by growing trees. This explanation suggested itself to me on seeing an old drawing of 
the observatory, where it was shown that the whole neighbourhood was then open and 
almost entirely free from trees to a considerable distance from the observatory. Even 
at present there are no trees very near and none overtop the instrument, but there can 
be no doubt that those in the neighbourhood do exercise a considerable influence on the 
air movement at the cups of -the anemometer. Many of them were planted in the 
earlier pail of the century and have now attained their full growth. They have at any 
rate completely altered the character of the surroundings of the observatory and 
materially lowered the effective height of the anemometer, and this action was increasing 
for some time after the installation of the Beckiey. Some support is given to this in- 
ference by comparing the air movements at the observatory and at the harbour where 
the exposure of the anemometer is free and unobstructed on the east, the sea, side. 
The velocities at the harbour are as a rule considerably higher than those recorded at 
the observatory at the same time especially when the wind blows from the sea side. 
Special tests and comparisons have shown that these differences are not due to the 
instruments themselves and consequently they must be largely due to differences in 
the surroundings. 

9. The means contained in the following tables aro 

Tables described. obtained from the records of the eleven years 1865*1875. 

Table II gives the mean hourly movement of air, irres- 
pective of direction, for each hour of the mean day of each month and also of the year, 
and the hourly variations of these from the daily means. 
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Table III. — Constants of ike periodical formula (/) for the diurnal variation of the 
air movement, irrespective of direction, at Madras ; computed from Table 11. 


Month. 

Pi* 


P** 

<Ji* 

p«* 

B 

D 

<]*• 

January 


—3*606 

-1*93* 

l'OSs 

0-460 

0*076 

0*113 

- 0-338 

—0*291 

February . 


-5-383 

—2‘20'> 

0-755 

0*541 

o'ti4 

0*030 

—0*309 

— D*192 

March . . 


**3'9S4 

-3*450 

0-855 

0-387 

0*235 

—0*049 

— 0*390 

—0*132 

April . 


— 4M97 

-3-637 

0*992 

—0026 

0*386" 

—0*127 

-0*297 

°‘°93 

May • • » 

t 

-3*3»7 

*-1*5*7 

o’545 

-0*47 

0*402 

—0*288 

—0*223 

0*271 

June . 


-3-364 

—0-514 

0-897 

-0*274 

0-301 

0-256 

-0-416 

o*ogo 

July . . . 


— 2*214 

-0*397 

1*104 

—0*415 

0159 

0*3*5 

-0-383 

0*010 

August 


— t-66S 

— o‘o5o 

1*25* 

-0*133 

0*269 

o*U3 

- 0*298 

— o'o6Q 

September . 


-3-098 

0-461 

o‘955 

0*001 

0*335 

0*137 

-0-363 

0*059 

October 


—2-674 

—0-631 

0715 

c-495 

0*201 

-0-079 

-0-323 

0*043 

November . 


-3-377 

— i 20S 

097s 

0*330 

— 0*DO5 

0 027 

—0*330 

— O’llO 

December • 


-n» 

—1-631 

1*316 

0*226 

0*062 

0*096 

-0-418 

- o ':85 

Y«s 


-3-003 

—1-229 

0‘955 

0-158 

0*211 

0-04S 

-0-342 

—0-033 



Table IV.— Constants of the formula {//) computed from Table III. 

















































Table Shewing mean hourly air movement, irrespective of direction , computed from the constants given in Table tV+ 
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Tables 111 and IV give the constants of the periodic formulae representing the 
diurnal variations shown in Table II. 


Table V shows the values calculated by the help of the periodic formulae whose 
constants are given in Table IV. These may be regarded as normal values. 

Some of the values given in Table 11 are plotted on Plate H in order to show 
graphically hotv the total air movement varies throughout the day at different periods 
of the year. 

to. The direction of the air movement at Madras 
Mahods cuploicd. var ; cs <j ur ; n g t (, e day, especially from May to October. 

Hence to find the mean air movement in direction as well as magnitude for each hour 
of the mean day of any month it is necessary to take into account the direction and the 
magnitude of the movement recorded. This has been done in obtaining the values 
given in Tables IX and XIII which are discussed later on. For the present we shall 
consider and discuss the results given in Table II. To prevent misunderstanding it 
would he weff to state here what the air movement is which is entered against each 
hour in Tables II and V and similar suhseyuent tables. The system that has been 
adopted is the following : — 

Against the hour o the movement between midnight and t A.M. is entered. 

Against hour t the movement between t A St. and 2 A.M. is entered. 


Thus the value against any hour h, say, is tho air movement between the hours h 
and h+i ; this may he regarded as the velocity at the hour h+i. These facts must 
be borne in mind in deducing any conclusions from the tables and the diagrams, eg,, 
the times of maxima, minima, etc. 


U, The mean hourly air movement for each month 
.ubu.j na icn deduced from the data in Table II are given in the bottom 

fine of that table and are reproduced here for convenience. 


Month 

Jan. 

; 

Tcb, | 



May, | 

Jane, 



Sept. 

Oct | 

1 

Nov. 

Dee, 

Year. 

9 

636 

5*5« 


E 

I 

O’Bj 

B’Sl 

?•&» 

! 

6*M j 

i 

s'19 

7*34 

7’5S 

7'5» 


Those values are plotted in Figure 3 («) Plate I. The length of each month is 
taken to be the same in this figure ; this does not introduce any confusion in the inter- 
pretation of the curve. 

The abscissa of the points represent the intervals between January first and the 
middles of the several months and the ordinates are the corresponding values of the 
mean hourly air movement for the mean day of the respective months. Through the 
points thus laid out a free-hand curve is drawn which shows at a glance the principal and 
larger variations in tho mean air movement throughout the year. The movement varies 
considerably in strength and has two well defined maxima and two minima. 

The dates of these estimated from the curve in figure 3, Plate I are given here. 

1st Minimum 14th February. 1 1st Maximum 25th May. 

2nd Minimum 15th October, j end Maximum 4th December. 
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Those results arc deduced from the mean values obtained from the recorded 
velocities without taking into account their directions. It is interesting to see how they 
compare with the variations shown in the mean values obtained by resolving each hourly 
movement into its two components southerly and westerly. These are given in 
Tables IX and XI Jl ; the resultants of the mean southerly and westerly component for 
each month are shown in figure Plato I, and their magnitudes are •• — 


!4cr.'.k. 

JiO. 

FA. 

Itarei 



Jo'e. 

JJr- 

At*. 

s-rt- 

Oc\. 

Nor. 

Dtt. 

Hewly 

wladty 


jt* 



7'C 

SOi 


4-38 

«4 

©78 


67 r 


These are plotted in figure 3, Plate f and a free hand curve drawn through them 
exactly as in the preceding case. The two curves are very similar to one another 
and are almost parallel throughout. Doth have two well defined maxima and minima 
and the dates of the minima are identical in both, via., 14th February and 15th October. 
The dates of the maxima estimated from these results arc slightly different from those 
previously obtained. They arc 

1st Maximum, ;th May or a fortnight earlier "t 

and Maximum, 14th D’ecember or to days later I than the dates given above. They 

arc sufficiently close however to show that the main features of the annual variations of 
the air movement, regarded from two different points of view arc very similar and the 
times of maxima and minima arc almost identical in both. 

„ . . ta. The values of the air movement deduced by the 

second method are of necessity smaller than the values 
obtained when no account is tnken of direction. In obtain- 
ing the latter only the magnitude of the velocity is taken into account and winds 
even from opposite quarters are added together j whereas in obtaining the former 
such winds would cancel each other and would contribute nothing to the total from 
which the mean is deduced, This accounts for the very great difference between 
the two values for the month of October. For during this month the wind shifts 
jn the course of a few days from a direction approximately southwest to a north easterly 
direction. The following data from " Madras Observatory Meteorological Means ” 
illustrate this point and will be referred to more fully hereafter: — 


Date 

Stp!rfflf*r. 

October. 

fi 

B 

B 

4 

5 

6 

7 

8 

5 

10 

It 

13 

- 

16 

3d 

Direction of wind 

19 

iG 

*7 


is! 

14 

«3 

13 

10 

9 

8 

7 

G 

5 

A 
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It must be remembered that this table gives the mean wind directions deduced 
from 30 years’ observations between iS 5 o and 1890 embodying weather conditions of 
very different kinds. The wind directions are numbered from o to 3s according to the 
points of the compass from which they blow. 

Examination of the records for any one year reveals the fact that the shift of wind 
from southwest to northeast occurs in a few days or even hours and that the transition is 
much quicker than would be inferred from an examination of the above means. Large 
differences in the values obtained from the two methods are also observable for Mayand 
the whole of the southwest monsoon period June— September. It is sufficient to remark 
here that this difference also is due to the large change in the direction of the wind that 
occurs during the day throughout this period. Inspection of Plates V and VI, where the 
magnitude and direction of the mean hourly wind velocities for each month deduced from 
the data in Tables fX and XIII are plotted, will show the large daily change in direction 
that takes place in these months— the longest diameter of the variation curve being 
almost at right angles to the direction of the resultant. For November, December, January 
and up to April the difference is much smaller. In these months the daily change in direc- 
tion is small and the longest diameter of the variation curve is neatly parallel to the 
direction of the resultant. 


Anmirrt variation. 

the year arc 


13. The chief features of the mean monthly air move- 
ment (calculated irrespective of direction) at Madras during 


' (a) Two well defined maxima and minima the dates of which are : 1st Minimum 
14th February, 1st Maximum 85th May, 2nd Minimum 15th October, 
2nd Maximum 4th December. 


(i) A nearly uniform increase from the 14th February to the 33th May, t.e., 
during the hot weather period. 

(0) A more or less uniform decrease from the 25th May to 15th October, i,e. 
approximately during the southwest monsoon period. 

(tf) A nearly uniform increase from the 15th October to 4th December, i.c., during 
the transition period approximately— the period between the withdrawal of 
the southwest monsoon from Bengal and about a fortnight before its 
retreat and final withdrawal from the south of the Bay and the establish- 
ment of the northeast monsoon throughout. 

(e) A nearly uniform decrease from 4th December to the 15th February, i.e. 
approximately during the cold weather period. 

These conclusions are of great interest and emphasise the remarkable simplicity of 
the wind system at Madras in its broader features. The air movement is closelv 
related to the season of the year and on the average either increases continuously or 
decreases continuously throughout nearly the whole of the season. The times of maxima 
and minima coincide very nearly with the dates which mark the commencement and 
end of the four seasons in southern India. ~ u 
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!t must be remembered that the curve in Fig. 3, Plate I docs not show all the 
variations in the mean daily movement throughout the year but only the larger variations. 
The ordinates represent the means of observations extending overa month of time. 
Hence fluctuations of a period less than a month aro smoothed out. 

14. In order to trace the relations between the air 
TmperatuKanS PrtsniM. movement at Madras and the general temperature and 
pressure conditions over the Peninsula and neighbouring 
sea areas it is necessary to realise what these conditions actually arc, and to consider 
how they change in the course of the day and the year. It is not however necessary 
to enter into a lengthy and detailed preliminary account of these conditions in this 
paper. 

Reference should be made to the maps in Sir John Eliot's Climatological 
Atlas of India where temperature and pressure distributions at three important epochs 
in the day in each month can be scon at a glance, end the manner in which they vary 
from month to month in the course of tire year. These maps will show in a more vivid 
manner than any description can, the general meteorological conditions to which we shall 
refer as briefly as possible from time to time in the present discussion. 

15. The air movement is most vigorous at Madras 
Airimra«l» hoivtuktr. during the last week in May and another maximum 
occurs in December. Thcso conclusions agree with those 
deduced from the mean daily wind velocities given in the Madras Meteorological Means 
which were obtained from data extending from fSCo to 1890. The date of the May 
maximum coincides with that of the hottest period in Madras. The following tabic 
confirms this point. 



May, 

June. 

Date, 

m 

«9 

m 

m 

H 

S3 

■1 

■3 

Hi 


9S0 

SS '4 

<yj\ 

9 ?'S 

99*7 

sg 

99*a 

5S7 

986 

mBBM 

P07 

Strj 

8i*a 

Si'S 

Sl '5 


8ro 

8ro 

8 o-8 


ft has already been remarked that the ait movement increases nearly uniformly 
doring the period i.|th February to the end of May, 

During the first part of this period temperature increases rapidly in the interior and 
more slowly on the Madras coast. By the end of April it has reached its maximum at 
such stations as Bellary, Coimbatore, Salem and Trichinopoly, and the hottest area at 
this time includes the Ceded Districts and Deccan. During May temperature fails 
slightly over the southern and western half of the Peninsula hut continues to increase on 
the Madras coast, the Circara and to the north of these areas. Thus during this period 
of the year the hottest area increases in intensity and gradually extends and shifts its posi- 
tion from the Ceded Districts to a more northerly and easterly position. With these tem- 
perature changes simultaneous large changes take place in the pressure distribution, the 
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area of lowest pressure coinciding roughly with the area of highest temperature. Over the 
surrounding sea areas the temperature changes are smaii (see section 22) as far as. can 
be inferred, and during May the Peninsula is hotter both by night and day than these sea 
areas. Conditions like these give rise to an indraught from the surrounding sea areas to- 
wards the hot low pressure area in the interior, the movement increasing in intensity with 
the increasing differences in temperature and consequent deepening of the low pressure 
area. Thus the increase in vigour of the air movement observed at Madras during the 
period from the middle of February to the end of May, is to' be ascribed to the 
increasing temperature of the hot area in the interior and the movement of the air from 
the surrounding areas over a surface which becomes during the season increasingly 
warmer than the air. 

s 

It is worthy of remark that the winds are (on the average) stronger at Madras at 
the height of the hot weather than they are during the southwest monsoon or at any 
other time of the year. This appears to be also the case at many other places in India. On 
the Bengal coast for instance the sea winds in May are on the average stronger 
than the southwest monsoon winds of June, July and August. 

16. During the period from the May maximum to the 
During snutlmcst monsoon. October minimum the wind at Madras may be roughly 
ascribed to two causes' (t) the movement due to the 
southwest monsoon current (2) the part due to causes mote local in character such as 
temperature differences and the movement of the air oyer a surface warmer than itself. 
The first is nearly constant during the first part of this interval but diminishes later on 
and disappears by the end of September and the beginning of October. The second 
part diminishes with the temperature differences over the province, which themselves 
become smaller as the season advances. 

Table VI confirms this point. 



Table Vf.— Shoving normal maximum and minimum temperatures at certain stations in southern India. 
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TABIB VI.— Showing normal maximum and minimum temperatures at certain stations in southern India— concld. 
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During the hot weather, as has already been stated, the air movement appears to be 
almost entirely due to the second o( these causes. Eliot has already stated (India Met. 
Memoirs Volume VI, Pan VI, page 4S7) tint the weather in India during the hot 
weather period is less related to the meteorology of the neighhauring countries and 
seas than in any other period of the year, 

Ourinffitie irau-'tfcn period. '?■ The air movement is has! r igcreus at Madras 
during the second week in October— the commencement of 
the transition period. At this timu pressure as a rule is very uniform over the Presi- 
dency and the Bay, and the southwest monsoon movement across the Peninsula has 
ceased, What air movement there is appears to be local jn character and arises from 
temperature differences which, at this season of the year, are also very small. From the 
middle of October to the middle of Dccumbcr the air movement increases. During 
this period the observed movement, which is generally from the north-ess:, may be due 
to winds of continental origin— the northeast monsoon proper— or to winds of 
oceanic origin — the southwest monsoon winds — which generally continue to blow into 
the Bay throughout this period. ■ These often recurve through south and east round a 
depression in the Bay and appear on the Madras coast as northerly or north-easterly 
winds. In the first case fine dry weather, with clear days and coo! nights, prevail at 
Madras and over the greater part of the Presidency. Gradients for northerly winds 
obtain over the Peninsula and the Bay and the area of lowest pressure is in the south- 
east of the Bay. In the second case a depression forms in the south or southwest of 
the Bay which is effective in bringing the moist southwest monsoon winds on to the 
Madras coast from a northeasterly direction. Under these circumstances cloudy rainy 
weather prevails over the south of tire Peninsula and generally moderate to heavy rain 
falls, especially on the Madras coast. This is popularly known as the " northeast 
monsoon". The inoursion o( the southwest monsoon winds into the Bay diminishes, but 
in a very irregular manner, from October to December, and generally about the third 
week of the last month of the year they retreat altogether and the northeast monsoon 
winds and fine weather prevail throughout. Thus the period of gradually increasing air 
movement from 15th October to 4th December observed at Madras is the period of the 
retreat of the southwest monsoon and gTsdual establishment of the northeast monsoon 
over southern India and the Bay, with steeper gradients. 

Durian the cold .other. lS ‘ The fourth P Cr!oJ cxtcnds from 1,1 c of 

December to the middle of February and is characterised 
by fine dry weather, warm days and cold nights. Pressure becomes more uniform over 
India during this period and the movement becomes less vigorous in consequence. 
During these two periods the hottest area is in the south of the Presidency. It appears 
to be too small in extent and too deficient in vigour to 3 ffect to any considerable extent 
the mean air movement at Madras during the season, though the daily variations arc 
large. 

Otaiulrariitiora. «9- The data of the diurnal variations are given in 

Table II and some of them are plotted in Plate If. 

The values calculated from the formula: whose constants are given in Tables HI 
and IV ate tabulated in Table V. The variations shown in Tables II and V agree 
closely with one another. 



8 9 


DISCUSSION OF SOME OF THE ANEMOGRAPH1C 


The mean differences between them irrespective of sign, are given for each month 
and year in the following form : 


Month. 

Jbo. 

Tcb. 

March, 

April. 

May, 

Just 



Sep. 

Oct. 

JNov. 

Ore. 

B 

Uiff«*nce 
bitwten ratal* 
lited and ob- 
sarved value*. 

1 

O'lJ 

tfis 

o‘J5 

o*l7 

| 

o*n 


1 

o'op 


OMj 

I 

The greatest differences between the calculated and observed values in each month 
and the year are as follows 

Month. 

Jan. 





June. 

J°iy. 



Oct 

Nov. 



Gteatat diflo 
*rce. 

o-jS 

QT3> 

* "’41 

o'6s 

o 50 

o-aj 

o-j*3 

o'JO 

o-ap 

O' JO 

o 

o’ap 

■ 


I 1 I 1 I 1 1 ' I 1 I I I 1 

The differences in no case except April exceed half a mile an hour and the formula; 
may thus be taken to representwith fair accuracy the diurnal variation in the air move- 
ment, and to furnish satisfactory normal values. 

The formula. , An , ex a ra >“tion of the constants in Table IV 

shows that the greater part of the daily variation in the air 
movement is of a diurnal character, the constant U, being in nearly all months much 
greater than U, or any of the other constants. The following table show the ratio of U 
to U, for each month and for the whole year. ’ 


Month. 

Jan. 




May. 

Jane. 



Rep. 

Oct 

Nov. 

Dec. 

Year. 

lUt,o— 

U t. 

3'3 

4*3 

5-o 

S'i 

S'o 

a*fi 

1*9 

J *3 

■ -,s 

3*a 

n 

3 S 

S'A 


- - - u , — -uwrr.1 j uue tu alteration 

in the value of U„ U, being nearly the same for all months except in May when its 
value is about half the average values for the other months. The epoch of the first 
component u„ whose amplitude is U„ varies slightly from month to month, but remains 
in the same quadrant, throughout the year except in September, The epoch of the 
second component u, is in the first quadrant from October to March and in the second 
quadrant from April to September. The first of these periods includes the transition 
period and the cold weather, the second includes the hot weather and southwest 
monsoon. The variation from the mean of the epoch u, throughout the year is 
follows:- 5 


Wo* th* 



March. 

April, 


B 




Oct. 

Nov. 

Dec 

— 

Viri*' , {'n ficts 
oooi 

to* 

*5* 

U° 

B 

*5 e 

1 

fl 

-l6» 

—JO* 

— S* 

a* 

4’ 
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Thus during the period June to Oeloljcr when the observed air movement is largely 
due to the southwest monsoon the epoch n„ is on one side of its mean value throughout 
while during the remaining period of the year, comprising the cold weather and hot 
weather periods, it is on the other side of the mean. It does not seem possible however 
to ascribe every one of these components into which the daily variations in air move- 
ment have been resolved to a distinct physical cause, and they are not discussed 
further. 

Character of diurnal vcmticci- . ='■ The curves in Plate II, showing the daily vari- 
ations in the air movement exhibit a general resemblance 
to the curves showing the daily var iations in air temperature. 

The following features are common to the two sets of curves : 

(i) A rapid increase in the values of the ordinates from the minimum soon 

after sunrise to nearly the maximum. 

(ii) A rapid fall till sunset, followed by 

(ill) A less rapid and gradually diminishing fall to the minimum shortly alter 
sunrise the following day (except in August and September). 

Table VII shows the ratios of the mean movement for each hour of the day to the 
mean hourly movement for the whole day in each month. 


TABLE Vll. 


Hoar. 





May. 

Jane, 

J*!y. 

Aar- 


Oct. 

Ncr. 



Midnight. 

0-6 

0*5 

o*5 

o*6 

o-s 

0^ 

o*9 

H 

o*3 


07 

| 

I 

r 

0'5 

Ej 

o*4 

o*5 

oS 

07 

11 

El 

0*9 

mi 

EJ 


o*7 

3 

o’S 

B 

El 

0*4 

07 

o"3 

EL 

B 

0*9 

il 

Bd 

Ek 

0*7 

3 

o*5 

B 

c 

o*4 

o*7 

0'S 

B 

0*8 

0*9 


E 

o *6 

0*6 

4 

o'S 

o*4 

0*4 

o*4 

0*7 

o-S 

By 

O'S 

o*3 

0*6 

o*C 

07 

0*6 

5 

®’5 

o*4 

o*4 

o*4 

o*7 

0*7 

0*7 

o*7 

o*S 

1 016 

e *6 

os 

0*6 

e 

o*5 

o*4 

0*4 

o *3 

o*7 

0*3 

07 

0*7 

o*S 


fC 

®7 

o -6 

7 

o*5 

0*5 

o*& 

o *8 

1*0 

0*9 

0*9 

0*9 

K 

m 

c*5 

6*7 

©*£ 

S 

0*9 

o*S 

1*0 

rt 

n 

i*i 

i*l 

»*1 

B 

M 

1*0 

ro 

t 0 

9 

1*3 

1*3 

ra 

ra 

i*i 

ra 

*7 

1*3 

»*4 

»7 

17 

*7 

1*3 

16 

t’S 

1*4 

■u 

*7 

rt 

>7 

*7 

*7 

»*4 

*’4 

1*4 

*7 

17 

II 

i« 


>7 

i‘S 

ra 

>■> 

*"4 

rj 

«*4 

>7 

*7 

re ’ 

n 

Noe ft. 

1*6 

*7 

17 

1*6 

ra 

1*3 

17 

*7 

*7 

rt 

*7 

re 

B 

K 

17 

1-3 

1 *S 

»*7 

17 

«7 

17 

i*3 

*7 

>7 

rt 

*7 

B 

14 

17 

rt 

1*8 

*7 

17 

17 

1*3 

*7 

*7 

47 

rt 

re 

*7 

>5 

*7 

1*8 

i*S 

i*7 

17 

ra 

17 

1*3 

1*2 

rt 

ns 

re 

*7 

16 

t'G 

1*8 

1*7 

1*3 

ra 

1*1 

11 

i*i 

1*1 

17 

»'4 

*7 

»*4 

1 ? 

1*4 

»*S 

»*S 

1*4 

1*5 

1*0 

1*0 

l/j 

0*9 

1*1 

1*1 

17 

17 


ro 

1*3 

*•» 

1*1 

ro 
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This Table and Table II show that the daily variations are smaller, both absolutely 
and relatively to the mean, in the months May to September than in the months Novem- 
ber to April. 

We must now examine the causes that bring about these daily variations, and see 
ii the observed meteorological conditions and their diurnal changes are sufficient to 
account for the differences noted above. 

82. From the middle of October to the end of May 
Cause of differencM. the mean direction of the wind at Madras is from the sea. 

At the beginning and the end of this period however the direction changes rather 
rapidly and hence it is only from about the beginning of November to the middle of 
May that steady sea winds are fully established and persistently prevail, The tem- 
perature of the air over the sea is subjected to two periodic variations (i) An annual 
oscillation, (ii) a diurnal oscillation. Within the tropics the extreme variation of the 
annual oscillation probably does not exceed 6° F. and that of the daily oscillation 3° 
or 4 0 F., while the mean temperature for the year does not materially differ from 8o° 3 ?. 
in all probability. In the Bay of Bengal the maximum temperature of the air on the 
sea surface occurs in May or the beginning of June just before the arrival of the 
monsoon and the minimum probably in December or January. The following statement 
gives the mean and extreme temperatures of the air over the sea area from which the 
wind blows during five months from December to May, and at Madras. 

Madras. Buy of Bengal. Madras. Bay of Bengal. 


December 

C Max. 
< Mean 
(.Min. 

84° 

75-5’ 

70” 

79 ° 

75 

March 

( Mas. 

< Mean. 

(. Min. 

Sg° 

So” 

72 ° 

82° 

80° 

78° 

February 

f Max. 
< Mean 
CMin. 

Sf 

77 

es° 

So” 

78 ° 

7 <S* 

April 

f Max. 

< Mean. 
(.Min, 

93 ° 

84° 

77 ° 

83” 

8l° 

79 ° 






Madras, 

Bay of Bengal, 



May 

( Max, 

< Mean 

1 Min. 

K 

81 

84° 

82° 

8o° 




These data show dearly that in December the air coming from the sea moves- 
during some hours of the day over a suriace considerably warmer than itself and daring 
the night over a surface considerably cooler than itself. Hence during the day 
ascensional movement and replacement of the lower slow moving layers of air by cooler 
air from more rapidly moving higher layers are active, while during probably 
the whole of the night, and possibly part of the day as well, these actions 
arc altogether absent. In March the temperature of the air over the 
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and is about ns much in excess (f F) of the temperature of the air over the tea 
during the day as it is in defect (6° F.) during the night and the mean temperature of 
the air over land and sea are practically the same. Convective action and ascensional 
movement of the air while moving over the land is therefore more vigorous during this 
month than in December or January. Table VI! shows that the ratios of ti e greatest 
and least movements to the mean in March arc t 'S and 0-4, while in December they 
are and o - 5. In March the greatest variations from the mean arc — 4‘t and 
-f 5-3 miles per hour ; in December they are —3-d and + 5-1 miles per hour. In 
April the convective action is still more vigorous and extends over a greater part of the 
24 hours than in the preceding months. The ratios of the extreme to the mean arc 
t*7 and 04, and the variations of the extreme from the mean — 5-2 and 4- 5-8 miles 
per hour. It must be remembered that the minimum temperature of the air over the 
land is during this month still less than the minimum of the air over the sea. On the 
contrary in May the minimum over the land is higher than the minimum over the sea 
and hence it is probable that convective action is active more or less throughout nearly 
the whole of the 24 hours of the day. (If it were equally active or inactive throughout 
the 24 hours, there would of course bn no diurnal periodic variation, as in the open 
sea). This alone makes the air movement more vigorous, but the daily periodic vari- 
ations will not be so great. We must also remember that the mean air movement at 
a given height above the ground is necessarily greater in April than in March, and in 
May than in' April, on account of the increasing extent and intensity of the hm area in 
the interior (referred to in $ 15) to which the air movement at this season is directed. 
The ratios of the extremes to the mean in May arc 07 and t "3; the variations of the 
extremes from the mean arc 2 '8 and 34 miles per hour. 

Another factor which tends to produce large diurnal variations in these months is 
the effect ol the land and sea breeze system. From the middle of October to the 
middle or end of April the sea breeze is in the same direction as and tends to increase 
the air movement during the day, while during the night the land wind is in the opposite 
direction and opposes it. 

From June to September the direction of the wind is southwesterly. During this 
period the air is moving over a surface which increases in temperature from west to 
cast. Hence, as. in May, convective action is probably active during the greater 
part of the 24 hours of the day. The effect of the land and sea breeze system is 
briefly this ; the land breeze aids the prevailing wind during the night and the sea- 
breeze opposes it during the day . Hence large diurnal variations arc not to be 
expected. 

These considerations appear to be sufficient to account for the different character 
of the diurnal variations of the air movement observed at different times of the year. 
They also show the dose relation that exists between the diurnal variations of tempera- 
ture and air movement. This is applied in f 43 to make an estimate of the magnitude 
of the land and sea breeze system at different hours of the day. 

Vm-ui icmsxratoK disrib.. = 3 - The following statement shows the mean difFer- 
V*o. ences between the minimum temperature of the air (4 feet 
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above ground level) and the grass minimum for each month. 


Month ... 

January. 

Febrairy, 

March. 

April. 

May, 

Jane. 

July. 


5 

October 

Nortmitr. 

December, 

L'lQtricc* 

4’4 


3*5 

a-5 

«■» 

1*7 

t*9 

B 

8 

a "A 

' a-S 

y* 


These indicate the greater stability during some period in the night of the lower 
layers of air in November to April than in May to September. Unfortunately data arc 
not available to enable us to estimate the differences between the maximum temperature 
of the ground and the maximum temperature of the air for each month. In the absence 
of data concerning the maximum temperature of surface of ground the following state- 
raent is given showing the difference between the sun maximum and the maximum 
temperature of the air— 


Month 

January. 

February, 

March. 

April. 

_ 

Stay. 

June. 

July. 

August 

September, 

October, 

Kowrabcr. 

December, 

Difference ... 

53* 

531 

. 

5J*3 


AV* 

» 

Aoa 

43*1 



A6'3 

4S*» 

50*1 

5*-4 

sra 


If the differences between the maximum temperature of the ground and the 
maximum temperature of the air are of the same character as the differences shewn 
here they imheate a greater instability of the lower layers of air during some period 
in the day m November to April than in May to September. These conclusions based 

on the two statements given above rest on the further assumption that the phases of 

the temperatures whose differences have been evaluated are the same. On this matter 
there is no evidence, and hence no great reliance must be placed on the conclusions 
deduced from them. They point rather to the need for additional observational data 
and the insufficiency of those available at present. 

Malinin and minima. . *+ The following statement gives the approximate 

tunes of maxima and minima of the air movement durimr 

the day m different months and for the whole year— ** 


Worth. 

January. 

February. 

Math. 



June. 

Joty. 

August. 

Septerabir. 

October, 

Kcvcmbsr. 

December. 

Vear, 

Sfttr- 

teJm. 

H 

J PS. 

D 

B 

& 

UA.Jf. 

tfi-u. 

II A Jf. 

eo-Jo A tt. 

3-30 P.W. 

a P. K. 

a r. M, 

sr.». 

Miri- 

towa. 

6‘o A u. 

J-JO A U 

4*3o A. «, 


Mi 

5 A.M. 

$ A.1S. 



S-20A.M 

S-30 A.K, 

5*2®' «■ 

5-30 a.m. 

S*3® A. u. 

Wo 

AM, 


The most noteworthy feature in the above is the time of maximum durW 
southwest monsoon period, U, it A.u. The diagrams in Plate Vand Vi s), J 
that this coincides with the instant when the wind is most westerly in direction and is 
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just before the wind undergoes a large and rapid change in direction. This rapid 
change in direction and magnitude will he shown later to be due to the interference of 
the land and sea breeze, and the incidence of the ma.oir.ium at such an early hour I? to 
bo ascribed to the same disturbing cause. 


35. In the foregoing paragraphs the attempt has been 
, . . . made to account for the observed air movement by tracing 

Dirsrucs n-n wr . the relations between its amount and variations, and the 

various conditions (temperature and pressure distributions) which accompany thef , 
In order to obtain other quantitative relations it is necessary to take into consideration 
the direction ol the movement— a factor which for convcaicnec in a preliminary examina- 
tion was purposely ignored in the above discussion. 


afi. The following statement shows the percentage 
number of calm hours and 0! miles of wind from different 
directions in each month of the year. 


TABLE VIII. 


The percentage number of calm hours and of miles of wind from different dircc. 
lions in different months— 


.Dinclioa. 



Mm*. 

Aj rU. 

M.J- 

Jorf. 

JJf. 



OetcUr. 

N'trrcraV*. 

Dtetabr. 
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m 

... 

- 

1 

- 

... 


.. 

8 

tS 

to 

N.N r. 

1 

u 

9S 

... 

- 

1 




- 

7 

at 

34 

N.K. 

„ 

3J 

IV 

1 

t 


- 

- 

l 

1 

S 

SB 

Jl 

C.N*. 


JO 

16 

4 

1 

t 

1 

1 

l 

: 

6 

7 

; 

E. 

... 

e 

i3 

9 

a 

1 

t 

1 

3 

s 

7 

1 

3 


... 

5 

U 

»; 

3 

3 

3 

3 

3 

S 

5 

l 

1 

8.E. 

... 

3 

‘5 

33 

39 

t? 

7 

s 

7 

t 

3 

* 

- 

B&e. 

... 

1 

9 

33 

3« 

3«> 

13 

to 

P 

c 

C 

1 

... 

s. 

... 

1 

3 

c 

to 

«P 

to 

9 

to 

8 

4 

1 

... 

6.S.W, 

... 

... 

9 

« 

5 

0 

s 

S 

it 

to 

3 



8.W. 

— 


I 

1 

* 

a 

tl 

U 

it 

1* 

4 

1 

... 

W.S.W. 

... 

- 

... 

... 

1 

4 

IS 

It 

,8 

IS 

4 

... 

•• 

\V. 





... 

* 

«3 

SO 

i3 

»4 

4 

■“ 

- 

W.N.W, 

— 


... 


- 

t 

; 

3 

3 

9 

S 

1 

- 

».\v. 

... 

— 

... 

... 

- 

1 

3 

3 

3 

4 

* 

4 

3 

N.N.W. 


- 

- 

- 

- 

t 

‘ 

t 

1 

t 

“ 

>’ 

7 

Cdm 

- 

*‘9 

V: 

3'e 

3'4 

IO 

Jro 

1*5 

x-S 

30 

ft 

*'4 

j{ 


The data for January, February, May, July, October and November see shown in 
the form of wind roses m Plate HI. 


This table shows that in December 81 per cent, of the movement recorded comes 
from directions between north and northeast approximately. In April £0 per cent. 
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of the movement is between southeast and south, and in January 74 per cent, between 
north' northeast and east-northeast. In February when the mean air movement is a ■ 

minimum, the directions of the air movement are distributed between north and south- 
southeast with a moderate concentration in the easterly direction. In October when 
the movement is at an absolute minimum for the whole year, winds are almost uniform- 
ly distributed in all directions. In June and July there are maxima in the distribution 
in the directions south-southeast and west with a minimum at south-southwest. It will 
he shown later that these peculiarities are due to 

(i) an increase in the velocity at sunrise and a strengthening of the land wind 
in the morning hours alter sunrise. 

(a) the setting in ol the sea breeze in the early afternoon hours. 

27 . We shall now proceed to deal with the data taking 

Southerly and westerly into account the direction as well as the magnitude 

components. 0 [ t ^ e movements. 


For this purpose, each recorded velocity was resolved into its southerly and 
westerly components. These components were entered on separate sheets under the 
appropriate hours, each sheet being sufficient to take the hourly components for all 
hours of the day, for all days of a month. The means of these values were now 
deduced, and from these means the data contained in Tables IX and XIII were 
obtained, which give the mean hourly components, southerly and westerly, for each 
hour of the mean day of each month. From these we can find the resultant velocity 
at any hour or the mean resultant for any month by simply combining in the usual way 
the two components. These will show how the wind varies in magnitude and direction 

( 1 ) from month to month. 

(a) from hour to hour during the mean day in each month. 


a 8 . We shall now consider these annual and diurnal 
Mean monthly velocities variations of the movement in direction as well as magni- 
tude and their relations to other data defining the meteoro- 
logical conditions, The mean southerly and westerly components and their resultants 
the mean hourly velocity for each month, are given in the following table for convenience. 


Month. 

j>«- 

uary. 

Frt* 



1Uy. 

June, 

Jtfy. 

Au^cst 


Octo- 

bw. 

EH 

jjgjl 

Decent 

btr. 

Sffijlhccnrc3ettt 


o*jS 

a‘s5 

r.-»3 



yys 

3**7 

*55 

—o'M 

—yyj 

-6-14 

\V«t ecmponttt 


~r;7 

-ytf 

-r« 

—rf4 

rtf 

4*10 

r<3i 

*’44 

-0-35 


—3*85 

Stinttart 

S'«4 

r?s 

3 ’Co 

H 

■ 

rvo 

S47 

<38 


0' 7 fl 

5*« 

an 
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The directions of these resultants a-e given to the nearest degree in the folio-ring 
table. 


Men A. 

>*■ 

etrj. 

r-v 

levy. 

Were*.. 

Ar-a. j i!. r . 

j.- 


Jlipfl!, 

U\ 



Off— 

lie;. 

D.f*cticoef rroUatt 

Ks»*n 

Birr, 

S ifz 

| 

sii*r. , sijt. 

Su*v; 

Ss®*w 

S<:*W 

S»i*W 


Hj.T. 

KisT 


These velocities are plotted in Fig. e, Plate I. 

It will be seen that the resultant air movement is from directions— 

(1) between north anti east during the transition and cold weather periods. 

(2) between east and south during the hot weather period and 

(3) between south .and west during the southwest monsoon period. 

19. January. The mean velocity is 5';^ miles per hour 
Itriv.Eoni to pressure diuriboti en. ' and its direction is N 31* E. The mean pressure distri- 
bution is shown in Plate 24 of the Climatological Allas of 
India. From this wc deduce that the mean gradient is ’00*93 inch per 15 nautical 
miles, and the angle made by the resultant wind direction with the normal to the 
isobars, the direction ol the gradient, is about 39”, During this month the north- 
east monsoon is established over the Peninsula and the adjoining seas. The mean 
temperature is very uniform but it slowly increases from north to south. 

Fcbrttary. The mean velocity is 3’7S miles per hour and its direction is S £5' E 
or very nearly easterly. During this month the pressure distribution is more uniform 
over the land area than in January, considerable changes having taken place owing to 
increase in temperature in the interior of the Peninsula. The interior is hotter on the 
average than the coast, and the daily range is much greater inland. The hottest area 
gradually moves northwards to the Ceded Districts and Deccan, the mean temperature 
here being 2' to 5° higher than on the Madras coast and the maximum temperature 
from s° to 9 0 higher. Hence the wind direction is more easterly than in January, when 
there is no high temperature area and consequent tendency to produce a low pressure 
region to the northwestward of Madras, It should be noticed that over the sea area 
very little changein pressure distribution has occurred since the preceding month. 

March. The mean velocity is 5 ’6 miles per hour and its direction is S 45” E. 
The angle made by mean wind direction with the direction ol the gradient is 30°. Over 
that part of the Bay to the cast of the Madras coast pressure is high and apparently 
uniform j over the Peninsula it very gradually falls in directions away from this area. 
The hottest area is in the same position as in February but lias extended, and the 
differences in the mean temperatures of this area and the Madras coast are now 5° te 
7* and in the maximum temperatures as much as 10°. Hence the tendency to establish 
a low pressure area here, and indraught from surrounding seas, is much stronger than 
in February, and that such a low pressure area is actually formed here during the day 
is shown in Piate 13 of the Climatological Atlas. With these conditions southeasterly 
winds set in on the Madras coast. 
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April. The mean velocity is fag miies per hour and its direction is S. 33 0 E. The 
mean gradient is '00384 inch per 15 nautical miles, and the angle between the mean 
wind direction and gradient is 1 7°. The mean velocity is thus more southerly and 
greater than in March. A considerable change has taken place in the pressure distribu- 
tion, pressure being now permanently lower throughout the day in the interior of the 
Peninsula than at the coast. The low pressure area has now extended in a northerly 
and easterly direction from the Ceded Districts into northern India while over the Bay 
pressure is high in the south and east. In the afternoon hours gradients become much 
steeper; see Plate 14 of the Climatological Atlas. The area of lower pressure is also the 
area of highest mean and maximum temperatures. 

May. The mean velocity is 747 miles per hour and its direction is S. 13 0 E. The 
mean gradient appears to be about ’00490 inch per 15 nautical miles. The direction 
has become still more southerly since April with the change that has taken place in the 
pressure distribution. In this distribution the isobars over the land area run almost 
parallel to the west coast and turn rather suddenly eastwards when they enter the Bay, 
This distribution tends to establish westerly and'northwesterly winds over the greater 
part of the Peninsula. The hottest area which affects the air movement on the Madras 
coast now includes the eastern half of the Ceded Districts, the Deccan and Circars, and 
pressure is lower here than in the south and west of the'PeninsuIa. Gradients are much 
steeper than in April. 

June. The mean velocity is s - 9 miles per hour and its direction S. 40° W. The 
mean gradient is "00493 inch per 13 nautical miles, and the angle between the mean 
wind direction and the gradient is about 1 2". This is the first month of the southwest 
monsoon season which lasts till the second week of October over the south of the 
Peninsula. The air movement is no longer solely determined by actions due to tempe- 
rature conditions in the province, though it is modified by these to a slight extent 
during this season. 

Temperature is higher over the eastern half of the Peninsula than over the western 
half where the more general and abundant monsoon rainfall has effected a great 
reduction since the previous month ; it is highest in the region round Nellore. 

July. The mean velocity is 3*3 miies per hour and its direction is S. 50° W. i. e„ 
slightly more westerly than in June. The mean gradient at Madrasis '00528 inch per 
1 5 nautical miles, and the angle between the mean wind direction and the oradient 
is 1 7 0 . The velocity is thus not quite so high as in June and is slightly more westerly. 
Both of these changes appear to be due to changes that have taken place in the 
temperature distribution over the province. The hottest area now overlies the Madras 
coast districts extending from Masulipatam to Tuticorin but does not include the Circars 
and Deccan, where rainfall has produced a considerable reduction in temperature ■ 
very little rain is received on the Madras coast. Thus the hottest area is on the whole 
further south than in June and relatively there is more ascensional movement at 
Madras. The southerly component will in consequence r.ot be so strong. The tem- 
perature differences between the Madras and Malabar coasts are nearly but not 
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.quite as great as in June; the action of these on the air movement will therefore be 
almost unchanged. 

August. The mean velocity is 4 '4 miles per hour and its direction is P. 4*' W- 
The mean gradient is ‘00474 inch per 15 nautical miles and the angle is about 7°. 
The most important change in temperature since July is the fa’l on the Madras coast 
and the establishment of a more uniform distribution over the south of the Presidency. 
The temperature differences between the cast and west coasts are less, and hence they 
avill have less effect in absolute amount on the air movement than in July and August. 
The highest temperatures arc experienced at Trichinopolv, Madura and Neltorc. 
During this month and the next, rainfall becomes gradually heavier in the eastern and 
lighter in the western divisions of the Presidency. 

September. The mean velocity is g'a miles per hour and its direction is S. 44* W. 
The mean gradient is about 'ooeSS inch per t$ nautical miles and the angle about 10°. 

In this month temperature becomes still more uniform over '.he south of the Penin- 
sula, but the eastern half is still hotter than the western half ; the differences are about 
5” F. in the mean temperatures, and not more than to’ F. in maximum temperatures. 

October. The mean velocity is o-;S mile per Ifour and its direction is N.cq. E. This 
movement forms part of a cyclonic circulation round the depression which forms over the 
south or southwest of the Bay in this month (sec Plate 33 of the Climatological Atlas). 
In this month, as we have already remarked, there arc generally two totally dissimilar 
periods characterised by widely different meteorological conditions and air movements 
from opposite quarters. The change from the one to the other takes place more or less 
abruptly during the second week of the month on the average. Hence the method 
hitherto employed, of taking means of the air movements for the whole month is very 
unsuitable. The resultant movement is very small and any error becomes correspon- 
dingly important and the relations of the movement to the pressure distribution become 
difficult or impossible to determine. 

November. The velocity is 5'7 miles per hour and the direction is N. 20' E. 
The mean gradient is '00894 inch per 1 3 nautical miles, and the angle between the mean 
wind direction and the gradient is about 37°. Temperature is now very uniform and 
increases slowly from north to south ; its effect on the movement must be small. 

December. The velocity is 6 S miles per hour and its direction is N. 35' E. The 
mean gradient at Madras is '00370 inch per ijnautical miles and the angle is about 40'. 
Temperature increases slightly more rapidly from north to south than in November, 
but the maximum temperatures are very uniform throughout the Peninsula. The chief 
differences are in the minimum temperatures which are much lower in the interior than 
at the coast and increase rather rapidly from north to south. 


The acCtracy of ihe rtniUs- 


30. It has not been possible to determine the relation 
between the mean velocity of the wind attd mean pressure 
gradient »t Madras for all months of the year. Those that have been evaluated arc 
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given below— the gradients are given in inches of mercury per 15 nautical miles in all 
cases. 



The most uncertain elements in these data are the values of the angles, which are 
difficult to determine with any confidence. Such as they are, they indicate that the 
wind makes a greater angle with the direction of the gradient when the air movement 
is from the sea than when it is from the land. 


31. Assume that the motion of the ai r is horizontal 

I ha meets ot irictipn, etc. sir's < , . ■ • 

and let F denote the acceleration along the gradient due to 

the pressure distribution. 

0 the angle between the gradient and the direction in which the air is moving, 
v the velocity of the air. 

k v the acceleration due 10 the forces opposing the motion of the air, e.g., friction, 
etc. 


Resolving along the tangent and normal to the air path, we get 
•j=F c «sf-i» ... 

= F Sitj 0 — a w v Sin X ... ... 


... (A). 


where p is the radius of curvature of the air path, X the latitude and „ the angular 
velocity of rotation t>f the earth (in space). 6 

It is usual to put the left hand members of (A) anti (B) zero and if we do this the 
relations reduce to — 1 


F Cos 0 = k„ it ... 

1 Sin & 3 «a u Sin X ... 


hence k 


j & Sin X 
tan 0 


(0 

W 

( 3 ) 


By means of {3) the values of k have been determined from the data given in the 
preceding table. They are contained in the following statement : — 
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in this method it is. necessary to know the angle 0 with accuracy. Any uncertainty 
in the value of the angle, especially when the angle is small as in June to September, 
is of serious importance. 

The value ol the friction constant !: can also be deduced from relation (t) by the 
help of the data given in section 30. In this case the value 0! 0 , untess it becomes large, 
is of subordinate importance. Tire results obtained by this method arc contained in 
the following statement : — 


Month. 

UOTt-nhtf. 

DctkrI tr. 


Friction rtertant . . • 

’CO03$6 

‘cjocj; | 

| -ecroy) 



it';- 

E3 


-0M13 J 

■cccJ<3 i 

■c*.3»rs 


These results appear to show that the value of the friction constant depends on the 
season, and with it on the direction of the prevailing wind. While tills may he to some 
extent the ease, it does not appear sufficient to account for the enormous differences 
shown in the above tables; the large differences in the values deduced by the two 
methods for the months November to January are also unaccounted for. These 
discrepancies are due principally to the assumption by which we derived equations (r) 

and (a) i.e., to assuming that the accelerations, :• ~ and arc zero in (A) and (B). 

The following considerations indicate that v in equation (A) is negative during No- 
vember — January and positive during the south-west monsoon period. It is also 
highly probable that the velocity v is under-estimated (see section 5 ). 

3a. When a mass of air moving ever the surface of the sea pastes to the land, the 
forces opposing its motion become suddenly greater and 

The effects tf friction, . t . ... . * t 

Us velocity will in consequence begin to dimmish. It will 
continue to diminish and change in direction until it has adapted its movement to the 
changed conditions. If such a diminution in the velocity of the layers near the surface 
occurs, it is evident that the stream lines at higher levels cannot be horizontal, over and 
near the coast; the air from the ocean will be forced to ascend to a higher level on 
reaching the land. If the air be saturated with water vapour, rainfall will be heavier near 
the coast than further inland when the stream lines hare become horizontal again and 
the ascending movement due to this cause lias ceased. Now this is the ease over the 
south 0! the Presidency during the months October to December ; the rainfall is greater 
on the coast than inland. See Plates m, ireand njof the Climatological Atlas of India, 
Further the diurnal variation in the strength o! the wind is very small over the ocean, 
while over the land it is great. We might therefore expect this forced upward movement 
to be greater during the night than during We day. The records of the hourly rainfall at 
Madras show that in October the rainfall during the night hours (6 p.M. to 6 A.M.) is qj 
per cent, greater than during the day hours (6 A.M. to 6 p.M.), 15 per cent, greater in 
November, and 3 per cent, greater in December (when the rainfall is much smaller 
than in the other two months). 
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These interesting results give some support to the inferences stated above’, During 
November, December and January then, there appears to be sufficient reason from these 

considerations to take v ^ negative in (A). Conversely during the south-west monsoon 

period it is positive. Direct observations bearing on this question are available (see section 
8), but not in a form suitable for our purpose at present and their consideration and 
discussion must be deferred to a future occasion. It is not possible at present to 

evaluate v , nor to correct v and find the true value of k : when these are effected it 

is easy to see that they will tend to make the values of- * more concordant. Other 
considerations, which cannot be given here indicate that the value probably lies between 
‘00004 and '00007. 

33. In section 31 it has been assumed that the movement of the air is horizontal. 

This assumption is not correct, for the important vertical 
' ‘ ' movements (one has been mentioned in the preceding 

section) are ignored. The data used in (A) or (1) have been deduced from the mean 
air movement and mean pressure distribution. Now the mean air movement represents 
the resultant of movements which differ widely in strength and direction j similar 
remarks hold for the mean pressure distribution. By taking the mean of such move- 
ments and the average of such pressure distributions we obtain a set of data which may 
not correspond to any actual or possible simultaneous conditions. Such data may 
therefore be very misleading when we try to give them a dynamical interpretation on 
the simple but imperfect theory stated above. 

In the foregoing discussion, some of the more important relations between the mean 
air movement and the pressure and temperature distributions have been pointed out and 
analysed. In the following sections the diurnal variations of the velocity are considered. 

Tnblrs and terroulw. 34 - The mean southerly components for each hour of 

the day, and their variations from the mean for the whole 
day, for each month and tile year are given in Table IX. Table XIII gives similarly 
the westerly components and their variations. The data in these two tables are derived 
in the manner already explained in section 07. Tables X and XI contain the constants 
of the periodic formula: which represent the variations in the southerly components 
and Table XII contains the values of the variations calculated from the formula. 


* U is TCtU to wircmbcr that there ore ether causes acting and tending to produce cEccts similar to tkee 




Table IX — Mean hourly southerly components of the zstnd. 
























































DISCUSSION OF SOME OF THE ANEMOGRAPHIC * 

TABLE X .— Constants of the periodical formula (!) for the diurnal variation of the 
southerly component of the aitid at Madras computed from Table IX. 


Month. 

Pi* 

B 

p»* 

J 

q»- 

p.. 

q»* 

p*« 


January . 



*•537 

0*930 

P Hj 

— o'oaS 

—0*325 

—0*213 

o’aSi 

0*224 

February 



-°'3«7 

0*184 


—0*040 

—0’04l 

— o’OoS 

-0*037 

-0 023 

March 



—3*488 

—0-983 

gBiM 

— 006S 

0‘26l 

0*096 

-0*338 

— 0*085 

April 



—*3*126 

—t*4oo 

1 

”0*333 

o*45> 

-0*055 

-0*294 

0'I59 

May 



—0*130 

-1458 

—o*i 1 6 

0*373 

0*378 

“0*557 

—0*091 

0*380 

June 



1 '693 

-1*499 

-073s 

0*005 

0454 

—0*248 

— o*ofio 

0*083 

J»iy 



2*070 

-1*134 

— o*Sca 

—O’lpO 

0*435 

— 0*006 

— 0*088 

0*103 

August ♦ 



3*097 

-c‘375 

—0*489 

—0*028 

0*551 

— 0*166 

— o‘o6o 

0*115 

September 



**74* 

0U4S 

-Q‘435 

0*195 

0442 

—0*014 

—0*025 

0*149 

October * 



0*715 

o$to 

—0*367 

—0*310 

0*134 

—0*030 

0*002 

0*063 

November 



552? 

1041 

—0*630 

— 0*202 

-o*o;G 

-0*047 

0*263 

0*097 

December 



3**34 

1*360 

—092a 

-0*134 

-D'157 

— 0*185 

0363 

0*1 7g 

Ycmi 

• 


—0*326 

—0*256 

—o*t)6l 

0*215 

—0*115 

—0*007 

0*120 


Table XI .— Constants of the formula (II) computed from Table X. 











































TABLE XI f \-*Skovittg values computed from formula giving diurnal varialictt of southerly components (Table XI.) 
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Table XIII .— Mean hourly westerly components of the mind. 










































OBSERVATION'S RECORDED AT f'ADRAS. 


Table XIV . — Constants of the ftrislicil female (/) far the iissrr.il nriitien ef 
the westerly component of the acini at Madras Confute! Jrer: Telle XIII. J 


Month. 

r«. 

S»* 

Pi* 


r»* 

S»* ’ 

D 

S 

January 

s-4«J 

r£i« 

-<>•963 

—rip 

c*l53 

CTOy 



February * 

TVjfi 

ralo 

—O'i-U 

-0*979 

6*0*3 

c:?y 

0‘0{: 

0V*Jrt 

March . . ♦ 

3J04 

5-769 

*~o0io 

-13135 

0*301 

0*511 

— o*i"S 

e-ajs 

April ( « • 

2*031 

3-453 

—CfjS* 

—1*354 

0 517 

0576 

— s-411 

0163 

May .* 4 , 

°‘®79 

4*16$ 

—0-207 

—3*084 

0*640 

0750 

-0*4(0 

-*o-eja 

June .... 

—3-209 

3-955 

1 ’<05 

-1-264 

— ws» 

c-Soj 

-0-23; 

0*513 

July .... 

—*743 

3 ‘ 3>5 

1-544 

—0-985 

-0-323 

0*570 

— triU 

ootS 

Acguit .... 

- 3-049 

3-533 

1*664 

~e.‘9*7 

—crate 

0 *S?9 

-0*135 

— cron 

.September . . . 

— 2-ogH 

3*379 

199) 

- l*2oi 

— C*|02 

0-396 

— <.*|6j 

-foil 

October . , 

O'30l 

a*oio 

0*113 

—0-977 

— o’ofis 

o*5t5 

-0*033 

—0*109 

KovCmbtr . 

o*$$3 

K1S 

-0-484 

—0*001 

0*2*7 

0:33 

—0*01? 

0*021 

December . 

1-683 

1?0I0 

-0-798 

-0340 

0*140 

o*oS5 

0 125 

0043 

V*a* 

0*25)3 

3-720 

°’ l 43 

-1*034 

0-100 

0-484 

—0-1 ;9 

0*043 

Table XV 

— Constants of the formula (//) computed from Tc 

lie XIV. 

Month, 

u,. 

D 

U,. 

«*• 

u.. 


u.. 

0.. 

January 

5946 

36V 

«S4 

536-47’ 

O’ljC 

Co'S3 f 

0*211 

33-31’ 

February 2 . 

3*110 

44-49' 

ri24 

513-35- 

0702 


0*099 

35*1* 

March .... 

3*477 

37-14' 

1-390 

«OS e M* 

0*010 

sSV 

OT9S 

251*16’ 

April .... 

4 * 03 * 

3 ° c, 5 f 

i *537 

3IO e jo' 

0*794 

43*3*' 

0*443 

591*38* 

May .... 

4*357 

*»' 55 ' 

2-096 

185*40' 

i‘»4? 

3l''3' 

0-446 

307*21 

June .... 

4-510 

335-7- 

‘*937 

139-44' 

o’Sop 

356*19' 

0*237 

s;3’& 

July .... 

4 - 45 ; 

355-7' 

3‘ogi 

llS-7' 

0-655 

339*sS' 

1**25 

37S ; l6* 

AugUlt 

3-549 

3>;V 

t*90S 

519-7’ 

o*SW 

334*5 f 

0**35 

30^20' 

September . . . 

3T/5 

35S-IO’ 

1*637 

137'3»' 

c*6i& 

344*45' 

0*162 

563-36’ 

October » • • 

3*020 

fn* 

09S4 

1 73*55’ 

o*«9 

3 Sf**' 

0*1 14 

196*51’ 

Xcwmber . 

*0l7 

it# 

0772 

3lS*St f 

0*312 

41-37’ 

0*0«7 

351V 

December . . 

1953 

59'- 

c*$5; 

546*55' 

0*165 

57*5* f 

0*132 

HIM 

Y.» 


c*s* 

ms 

Ira’S' 

o*495 

M'43* 

0*133 

m 















































Tad lb XVI.— Atari values Computed from formula giving diurnal variation of masterly components ( table XV ). 
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observations recorded at madras. 


!«$ 

The following statement shows the mean differences, irrespective cf sign, be. ween 
the values of the southerly components (C) calculated from the formula: and the values 
contained in Table IX which for reference we shall call the ehcncJ values ( 0 ). 


Worth. 

Jftft. 

Feb. 

221 



JvJy. 



M 

B 

Ym. 

c-o. 

0 10 

004 

on 

«ri9 

IB 

| 


C*II 

! 





Tables XIV and XV contain the constants of the periodic formulae which 
represent the variations in the westerly components and Table XVI contains the values 
of the variations calculated from these formula:. 


35. The following statement shows the mean differ- 
cnees irrespective oi sign between the observed (0) and 
calculated (C) values of the westerly components. 


Worth. ! 

Jan. 

r *. j 

22 

April. 

2 



B 

Sept. 



Oct, j 

Yrv. 

mm 

otjS 

0*10 | 

3 

| 



o*i3 

0*13 

o-u 




01 0 


The differences are smallest for both components during the period November to 
February, greatest during March to May, and intermediate for the period of the south- 
west monsoon June to September. 

The formulae do not satisfactorily represent the variations in the morning hours 
6 to to, when rapid changes take place especially in the westerly component. 


36. Plates V and VI contain diagrams formed from the 
’ data contained in Tables IX and XUI, and show the mean 

resultant velocity in magnitude and direction for each hour of the mean day in each 
month of the year and tho whole year. The vector A O in each diagram represents 
the moan resultant of these hourly velocities, the vector N 0 shows the velocity corres- 
ponding to the hour N and vector N A shews the variation in velocity (in magnitude 
and direction) from the mean, corresponding to the hour. In fact, if the velocity 
oi the air at each hour of the day were reduced by the velocity represented by A 0 , 
the remaining air movement at cich instant would be that represented by the vectors 
drawn from the correspanding paints on the curve to A. In most months it nil! be 
seen that A is inside the curve; thus a wind vane exposed to such an air movement 
would make a complete rotation during the day. This would happen in all months 
except in December and January. 
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Ilnmal variations 


37. The values of the southerly and westerly com- 
ponents given in Tables IX and Xltl have not been plotted 
for all months b ut those for April, May, June and July are given in Plate IV. Taking 
the s outhcrly component first it will be seen that there is an increase in its value from 
dawn till about 7-30 A.M, in each of those months (April excepted) and this also h’olds 
for August and September. This change is followed by a diminution till 10-30 A.M. 
or 12-30 p.m. when the absolute minimum for the day is reached. In the westerly 
component a sudden and rapid increase occurs after 6-30 A.M. and up till 10-30 a.M. 
and this is followed by a larger and equally rapid diminution which goes on till 5-30 p.m. 
or 6-30 P.M. ; in fact the component becomes easterly in the early afternoon hours. 
These features are common to the normal air movement during all the months 
May to September, and April as well, though the wind does not really become westerly 
except fora brief period (from 7 to 9) in the morning during this month. These large 
changes in the two components in the early part of the day are due, as will be seen 
from the figures in Plate V, to a change in direction as well as in magnitude of the 
velocity which begins about sunrise. Now the direction N. S. and E. \V. along 
which we have resolved the velocities have a special significance in connection with 
Madras, because the coast line is nearly in the direction north and south here. Hence 
the east and west directions are approximately the directions of the gradients for land 
and sea breezes— a local convection syste m, superposed on the general air movement. 
We have just seen that the westerly component increases very rapidly in the early 
morning during the months April to September when temperatures are highest 
and the increase appears to be much more rapid than it is at inland sta tions. It is very 

probable that a part of this increase is due to an increase in strength of the land wind 
component of the land and sea breeze system which increases in strength from 6-30 
A.M. to about 10.30 A.M. Such an Increase is after all only what might be expected 

For in the morning hours the ground is rapidly heated and in turn the lower layers of 

air resting on it. With this increase in temperature of the air, the surfaces of eaual 
pressure are raised and a rapid fiow of air towards the sea takes place in the higher 
regions, a change which ultimately establishes the sea breeze. But before an increase 
in pressure at the surface of the sea takes place owing to the accumulation of air from 
the land side, a momentary mcrease has already taken place over the surface of the 

land itself accompanied by lateral expansion and these cause . 

“ r* rr "rr s JX St ts 

wind m the morning hours is to he expected. Owing to friction eir- t, ' , 

the earth and other causes the horizontal movement is of course m V 6 surface 0 
place much more slowly than the movement in the higher region M ^ ^ talteS 
ever the temperature of the air over the land is at no time in the c" " ^ en " 

below the temperature of the air over the open ocean, the expiosiveTdVefcct £ 
considered is mainly responsible for the land wind. nere 


November to February 


38. Plates V and VI show the moan k , 
at each hour of the day for each month in ik“ r L VEio< % 


“ ™... .ui eacn month the ma — 1 

ready explained. The variation curves formed by joining the extremities of r anneraI " 
representing the velocities at each hour are widely different for diff er ent° ^ Vectors 


vectors 
months. In 



observations RncoRoni) at madras. 

November, December, January, ar.d February lire variation curve is !rag and r.rw-v 
and its greatest length, its axis so to speak, is in the d : rection of the reset:. in! vclority 
for the 54 hours. Thus during these montits tlie wind vdocity undergoes very little 
change in direction during the day, but large changes in magnitude. The satiation 
curve in November is described by a clockwise rotation and cnc portion of it !rom 
hours marked is to 16 is very narrow. In December the curve consists oi two loops 

(i) a small loop described by a counter-clockwise rotation front is neon to 4 p.?t. ard 

(ii) a large loop described by a clockwise rotation between the hours 4 t\M. and la 
noon following. Here the larger loop is very narrow and its axis is practically coinci- 
dent with the direction of the resultant for the day; the axis of the smaller locp is 
more nearly parallel to the cast and west line. In January the variation curve is 
similar to that for December, it has two loops (i) the night loop described by clock- 
wise rotation during the hours 5-30 p.M. to 10-30 a.m. following, a long and narrow- 
loop nbosc axis is parallel to the mean direction of the wind lor the day (ii) the day 
loop described by a counter-clockwise rotation during the hours 10-30 A.M. tn 5-30 
P.M. whose axis is almost parallel to the cast and west line. Thus the changes that 
take place in the daily variations in the course of these three months arc in one direction, 
and the day loop oi the variation curve ' grows at the expense of the night loop; in 
November the day loop is not formed, in December it is small, in January i: is consi- 
derable and in February it has absorbed the whole curve. In November owing to the 
cloudy weather, heavy rain, smaller diurnal range oi temperature, and large amount of va. 
pour in the air, the land and sea-breeze must be small. But the weather improves in 
December, and is generally fine in January with much clearer skies, very little rainfall, 
less vapour and greater diurnal range in temperature. The following statement confirms 
these remarks; it is taken from the Madras Observatory Meteorological Means. 



Temperature 

range. 

Mean 

1 temperature. 

Vapour pressure. 

Claud. 

Rainfall 

November ... 

ia'7 

I 

74 S inch 

cr6 

13*31 Inehej. 

1 

December ... 

13" 3 


■CSi » 

°’5 

S-sS . 

January 



*JS , 

0*4 

0 ‘fp H 


1 


Thus as the season advances the conditions necessary for the development of 
the land and sea-breezes improve and become more effective. Their action is however 
greatly modified by the general air movement which tends to prevent the establishment 
of conditions that develop the land and sea-breeze. During February, March and 
April the variation curve is a similar loop described by a counter-clockwise rotation. 
In February the length of the curve is practically in the direction oi the resultant as 
in the other months just considered. 

'■ ■>' • - ' 
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39, In March and April the curve becomes 
March *° May ‘ more unsvmmetrical, owing to the rapid increase, 

in the southerly component from 6 A. M. to about to A. M., while the westerly com- 
ponent increases only very slowly. , 

In all the curves from November to April it will be noticed that the part from the 
hour 16 to 4 or 5 is very nearly a straight line which for the first four of these months 
coincides with the direction of the resultant, while in March and April it is inclined to 
the mean at an angle which increases with the season. The land and sea breeze also 
becomes more prominent in March and April, and the small change in the easterly 
component of the air movement observed from 6 to 10 A. M., at this time is due to the 
increase in the strength of the land wind from the west during these hours already 
considered; and practically balancing the simultaneous increase in the easterly component 
which would in the absence of the local system be observable. In May the daily 
variation curve is, unlike those for March and April, long and narrow, and described by 
a clockwise rotation. The axis of the curve is almost perpendicular to the resultant 
which in this month is almost southerly, — about 13° to the east of south. 


June to September. 


40. The same features also characterise the 
variation curves for June to September, but in 
these months the resultant is in the southwest quadrant. 


The variation curve is long and narrow and its longest axis is almost perpendicular 
to the direction of the resultant. 


In August and September the variation curve is broader both absolutely and in 
proportion to its length than in June and July. 

These large variations in velocity both in direction and magnitude during the day 
in these months are to a large extern due to the land and sea-breezes, the directions of 
which are nearly perpendicular to the general air movement. 

Classification. . 4 '’ daii f' variations in the air 

movement at Madras may be divided into three 
classes. 

(1) Those of the months November to February which produce very little change 
in direction of the wind and for which the variation curve is long and narrow and 
almost parallel to the mean direction for the day. 

(3) Those of the months March to April which produce a considerable change in 
direction, not however exceeding 5 points. ^ 

(3} Those of the months May to September, which produce a large change in 
direction of the wind, exceeding six points, and for which the variation curve is long and 
narrow and almost perpendicular to the coast line at Madras: the axis of the variation 
curve from west to east during May makes an angle of about 80° with the mean wind 
direction and during June to September an angle of 103' to 120°. The daily variations 
in October are similar to those in September and form the most important part of th 



OBSERVATIONS RECORDED AT MADRAS. 


US 

movement, but, as already explained, the means fm this month combine data relating 
to widely diflcrcnt meteorological conditions and their interest is chiefly climatological. 

The fallowing features arc common to the diurnal variations in ail months (i) the 
variations during the day hours are much greater than during the night hours; the 
variation in the wind during the night hours in November to April is chiefly one ct 
magnitude, the direction undergoing very little change; during the re-t of the year 
however the variation at these hours is chiefly one ol direction, the magnitude under- 
going but little change, (c) a sudden change in velocity occurs shortly after sunrise 
throughout the year; from November to February the change in direction is small ; in 
March to April it is considerable and in May t a September it is large; throughout the 
year a rapid change occurs in the magnitude at this hour. 


Method ef mtuaifnff. 


43. It has already been stated that the large 
r , , differences in the daily variations of the nind velo- 

city, more particularly those in direction, arc principally due to the strength ol the land 
and sea-breeze system. This system is very small in November to February, increases 
athor rapidly in March and April and is most strongly in evidence during the period 
May to September. 11 the land and sea-breeze -vere absent the daily variations in 
velocity at Madras would be chiefly changes in magnitude as in November to February, 
At Bangalore and Tricliinopoly for instance during the southwest monsoon period there 
is very little change in direction during the day, the changes being chiefly in magnitude 
alone. Hence if these variations were subtracted from the observed variations, the 
residuals would give us the land and sea-breeze system at each hour ol the day. But 
the question is how shall we evaluate the diurnal variations in velocity which would take 
place if the local system were absent ? 

43. To enable this to be done, it is neces- 
sary to form some hypothesis .and the simplest 
hypothesis, is to assume that the variations in strength which would occur in such a 
ease would take place in accordance with the values given in Table VII for each month. 
The mean wind velocity in magnitude and direction for each month or rather their 
westerly and southerly components are given in Tables IN and XIII as well as the 
observed component velocities for each hour. If we subtract from the observed com- 
ponent velocities for each hour, U.c values ol the components calculated in accordance 
with the above hypothesis, the residuals wiil give us the components of the land and sea. 
breeze system for each hour. These considerations seem reasonable as a first approxima- 
tion, the main point in the hypothesis being the assumption that the changes in wind 
velocity would in the case imagined take place in accordance with the relations shown in 
Table VII. It would have been better perhaps to have deduced these changes from the 
actual observed changes at an inland station where the general temperature conditions arc 
similar to those at Madras or to take data on selected dates. But such data arc rot 
available at present, and a glance at Plates 37 to 6a of the Climatological Atlas will show 
how difficult it is to find a suitable inland station for this purpose. It is also probable 
that the assumption that the velocity only undergoes a change in magnitude and no 
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change in direction is not strictly warranted ; but it is very probable that the error due to 
this is not great, for the southwest monsoon period. Further considerations are given 
in $47. 

1 * t 

44. The following statement shows the ob- 
served components and the components calculated 
by the ratios given in Table VII throughout the day for the month of July.’ The 
differences given in the columns headed O-C are on the above hypothesis the components 
of the land and sea-breezO. 


Land find «ea*breczc in July. 


JULY. 


























observations recorded at madras. 


1)4 

If these values be plotted as in Plate VI fig. for July we get an oval figure; the 
vectors from any point of the boundary of this figure to the origin denote in magnitude 
and dircdlion the velocity due to the land and sea breeze system which we arc trying to 
evaluate. The longest axis of this curve makes an angtc o! about 3a* with the east and 
west line. The coast line at Madras makes an angle of about 13' with the meridian to 
the east of north. Hence the axis of this curve is not perpendicular to the coast line 
but makes an angle of about 17° to the north of west with it. This is atso approxi- 
mately the angle that the mean direction ol the wind at Madras in July makes with the 
normal to the isobar or the gradient. According to this diagram the land and sea 
breeze in July goes through the following changes. At about 7 a.m. the wind is 
westerly. It increases rapidly in strength and veers to the north-west till about 1 1 a.m. 
when the velocity is a maximum and direction approximately north-west. From this 
hour the velocity diminishes and the direction goes on changing towards the north and 
is northerly at about a P.M. The change in direction from 1-30 P.M. to 4 P.M. is rapid 
and after 2-43 P.M. the velocity increases again to a maximum at about 6-30 P.M., 
when the direction is about S. 74' E. From this hour the velocity diminishes in 
magnitude till about 4-30 A.M. and becomes more southerly in direction, being southerly 
between 1 and a a.m. The change in direction goes on more or less regularly till it is 
westerly at 7 A.M. From 4 or 5 a.m. it begins to increase in magnitude again. All 
these changes arc what we would be led to expect if there was an alternating movement 
of air between the land and sea, the veering shown being due to the well known action 
of the rotation of the earth. 

• 45. If the air movement^ were that due to the land 

Time or ircidcnce ot brine. M ^ Jea freeze system alone then according to these results 

the sea breeze would not set in at the observatory till about a-30 P.M., a somewhat 
late hour according to accepted notions. Perhaps too much stress should not be placed 
on this, and the lateness of the hour may in part be due to the imperfection of the 
hypothesis. On the other hand it is well to remember that the observatory where the 
records under discussion were taken is at least three miles from the sea and the time 
the breeze from the sea begins to aflcct the air movement at such a station is materially 
later than on the coast line itself. In fact it is a common enough observation at Madras 
during the southwest monsoon period to find a cool sea breeze on the Marina while 
at the observatory the air movement is stili from the land ; and on some days there is 
no sea breeze at all at the observatory while it has set in fairly early on the beach and 
continues throughout the afternoon. Another consideration is that the gradients 
necessary to establish a sea breeze at Madras when a strong southwest wind is blowing 
must be much sleeper than when the southwest wind is light. Hence to bring 
about these pressure conditions under given temperature conditions a longer time is 
necessary with a strong southwest wind than with a light one. Thus the late hour at 
which the sea breeze sets in is partly due to this cause. Note that in May when the 
mean direction is southerly, the sea breeze begins to affect the movement at the 
observatory at ta noon. See Table XVII. 

46. This diagram giving the velocity of the land ar.d 

ALrO?rr.»!rck;ti«\ef wir'd vire. , . _ * • r . 

sea breeze system at dmerent hours of the cay suggests ao 
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explanation of another phenomenon sometimes observed at Madras, and that is that 
occasionally during the latter half of May and from June to September, the wind 
changes from its westerly direction in the morning to an easterly direction in the 
afternoon through north instead of through south, the normal and usual course of the 
change, as may be seen from the diagrams in Plates V and VI. This is generally 
observed on very hot days when the air movement is much below the average. It will 
at once be evident that under these conditions an unusually large and strong sea breeze 
such as would be expected under the excessive temperature conditions is superposed on 
an unusually weak general air movement. In this case the velocities due to the local 
convection system between to A.M. and 5 p.M. are much greater than usual and are 
sufficient to give a resultant air movement from the north instead of from the south and 
the wind vane veers through north from west to east in consequence. The vigorous 
movement due to the local convection system is in fact sufficient to overpower the feeble 
general air movement on which it is superposed. When the wind changes from west to 
east through north the change usually takes place, it is observed, between 1 1 A.M. and 
t P.M. This observation also fits in with the explanation of the phenomenon given 
above. 

Components of the land and son 47. The values of the components of the land and sea 

breeze system have been worked out by the method 
explained in Sections 45-43 j those for the months May to October are given in 
Table XVII. In the months November to March the residuals are small and irregular, 
indicating that the hypothesis is imperfect. During these months small but relatively 
important changes occur in the direction of the wind during the day with the changes in 
the pressure distribution. The land and sea breeze system is probably small. In April 
the residuals are somewhat larger but still very irregular. Plate 14 of the Climatological 
Atlas shows that the pressure distribution undergoes large changes in the course of the 
day in this month and with these there must be considerable changes in the direction of 
the wind. H ence the method is not suitable For this month also. The land and sea breezes 
are much stronger than in the preceding months. From May to September or October 
the diurnal changes in the pressure distribution are relatively not so large and important 
and do not involve large changes in the direction of the wind at Madras. The residuals 
for these months are large and when plotted give diagrams similar in their principal 
features to that for July shown in Plate VI, fig. for July. Whileit would be too much to 
assert that these represent completely the land and sea breeze system, they at least 
indicate an important part of it. 

It has been already remarked that the land and sea breezes are feeble in the cold 
weather, . increase to their maximum in May, June and the first part of July, and 
then diminish to a minimum about November. ' 




4 Si This concludes the discussion of the normal 3:r 
CortMmjrnete. movements at Madras. It is not possible at present to 

deal with the abnormal winds nor to analyse the records on selected days. Apart from 
its importance from a climatological point of view, this treatment promises to throw 
further light on several points considered in this discussion especially on the deterroina* 
tion of the land and sea breezes. These matters may form the subject of a subsequent 
paper. 
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